The diterpene ester-type promoter of mouse skin tumors, 12-O-tetradecanoylphorbol-13-acetate (TPA), efficiently induces persisting genomes of oncogenic herpesviruses (1). For example, in some Epstein-Barr virus (EBV)-transformed lymphoblastoid lines revealing a low percentage of spontaneously induced cells, more than 50% exhibited viral structural antigens after TPA treatment, rendering these cultures virtually permissive systems. In this paper the effects of a series of other diterpene derivatives and of anthralin, amongst them potent promoters of mouse skin tumors, on induction of EBV are studied. In addition, the viral progeny from TPA-induced cultures is compared to viral isolates derived from noninduced cells. The effects elicited by initiators of the polycyclic aromatic hydrocarbon type of mouse skin tumors and by the "ultimate" liver carcinogen N-acetoxy-N-2-acetylaminofluorene (NOAcAAF) are also investigated.
QIMR-Wil), upon treatment with tetradecanoylphorbol acetate, approximately 20 -40 times more viral DNA was recovered as compared to untreated controls. Viral DNA from tetradecanoylphorbol acetate-induced cultures revealed the same restriction endonuclease cleavage pattern as viral DNA obtained from noninduced cells. Within 10days after induction, release of infectious virus increased approximately by one order of magnitude. Prostaglandins, reported to be released after treatment with tumor promoters, were ineffective in virus induction under the conditions tested.
The diterpene ester-type promoter of mouse skin tumors, 12-O-tetradecanoylphorbol-13-acetate (TPA), efficiently induces persisting genomes of oncogenic herpesviruses (1). For example, in some Epstein-Barr virus (EBV)-transformed lymphoblastoid lines revealing a low percentage of spontaneously induced cells, more than 50% exhibited viral structural antigens after TPA treatment, rendering these cultures virtually permissive systems. In this paper the effects of a series of other diterpene derivatives and of anthralin, amongst them potent promoters of mouse skin tumors, on induction of EBV are studied. In addition, the viral progeny from TPA-induced cultures is compared to viral isolates derived from noninduced cells. The effects elicited by initiators of the polycyclic aromatic hydrocarbon type of mouse skin tumors and by the "ultimate" liver carcinogen N-acetoxy-N-2-acetylaminofluorene (NOAcAAF) are also investigated. Table 2 ) by thin-layer chromatography. All substances were dissolved in 1 ml of dimethyl sulfoxide and further diluted in tissue-culture medium.
MATERIALS AND METHODS
Irritancy (ear) and tumor-promoting or tumor-initiating activities (back skin) were determined on NMRI mice (Zentralinstitut fur Versuchstiere, Hannover, Germany) by standard methods (3, 4 Unpublished data. Tables 1 and 2 .
RESULTS

Induction of EBV
The tumor initiators of the polycyclic aromatic hydrocarbon type and the ultimate liver carcinogen NOAcAAF did not induce EA to any significant extent (Table 1) . In contrast, the majority of the compounds of the diterpene type induced EA in Raji and NC37 cells (Table 2 ). Since some of these substances appeared already highly effective at 30 nM, the inducing activity of all positive chemicals was further studied by treating Raji cells with various dilutions ranging over approximately 5 orders of magnitude in molarities. The results are shown in Fig.  1 . The potent tumor promoters (as outlined in Table 1 ; e.g., TPA and PDD) induced EA in Raji cells maximally at molarities ranging between 5 X 10-10 and 1 X 10-8. 4-O-Methyl-TPA, marginally active as a promoter, is a relatively weak inducer in Raji cells (2 orders of magnitude less active than TPA). Nonpromoters (4a-PDD, phorbol, and ingenol) did not induce EA production. Exceptions to this correlation are found (Table  2 and Fig. 1B ): 12-deoxyphorbol-13-decatrienoate and resiniferatoxin, both nonpromoters but nonetheless irritants of considerable activity, induced viral antigen synthesis; anthralin, a promoter of medium activity, did not induce viral antigen production. The percentage of induced cells remained constant over a wide range of concentrations for the potent inducers and did not differ from that of the weak inducers when the latter were applied at their optimal concentrations (e.g., compare TPA and 4-O-methyl-TPA in Fig. 1A ).
Raji cells, NC37 cells, and cells of an additional line RPMI 64-10 reacted exclusively with VCA+EA+ sera, but not with VCA+ EA-sera after induction. No viral particles were observed in induced cells of these lines by electron microscopy.
Induction of EBV in Producer Lines. Cells of the P3HR-1 and B95-8 lines, which are efficiently induced by TPA (1), were treated with the promoter Pimelea factor P2 at 3 X 10-8 M and analyzed for release of infectious virus. Infectivity was monitored by determining EA or EBNA induction in BJA-B cells at various intervals after addition of the promoter. The result is shown in Fig. 2 nor mutagenic activity (7) . The most potent promoters tested in our system (TPA, 3-0-hexadecanoylingenol, and Pimelea factor P2) were active in virus induction at the lowest concentrations used (about 5 X 10-10 M). differ to some extent from virus induction by the halogenated thymidine analogues iododeoxyuridine and bromodeoxyuridine, which show efficient induction within 48 hr (21) (22) (23) .
The viral progeny from cells treated with diterpene esters apparently do not differ from viruses isolated from noninduced cultures, as judged from the restriction endonuclease cleavage patterns of the respective preparations. The relative amount of DNA recovered from TPA-treated cultures appears to exceed the increase observed in infectivity assays. This may point to a particularly enhanced production of nonenveloped (noninfectious) particles, which agrees with electron microscopic observations (unpublished data).
The molecular mechanism of induction of persisting oncogenic herpesviruses by diterpene esters is presently not understood. Apparently, prostaglandins, which are released by promoters in other systems (15) (16) (17) , do not mimic the effects of diterpenoid promoters in these experiments. The extremely low concentrations required for optimal induction by some of the most potent promoters (5 X 10-10 M) seem to point to a very specific interaction with cellular functions controlling persisting viral genomes. The use of these compounds may provide a tool for understanding the regulation of virus persistence in both transformed and nontransformed cells and thus contribute to further knowledge of the mechanisms of both viral and chemical carcinogenesis.
